background Self-control, as one of the most popular research topics, requires strong definition boundaries to enable generalization of the results. There are inconsistencies between researchers in the understanding of the concept, due to the fact that self-control is a complex phenomenon that involves many psychological functions and has a strong impact on human everyday performance. This research contributes to a wider scientific debate on self-control's theoretical framework by examining its relationship with Jan Strelau's theory of temperament.
Background
Self-control is currently one of the most popular topics of psychological research. Its popularity is driven by the fundamental role of behavioral self-regulation in maintaining appropriate functioning in day-to-day life. Tangney, Baumeister and Boone (2004) underscore that control processes are involved in managing stress, focusing attention on specific tasks, modifying responses according to the needs, as well as planning and performing activities required to achieve longterm goals. Numerous research findings show that people high on self-control achieve better grades and have higher socio-economic status and better relationships, to name just a few benefits (e.g., Bridgett, Oddi, Laake, Murdock, & Bachmann, 2013; Mischel, Shoda, & Rodriguez, 1989; Moffitt et al., 2011; Tangney et al., 2004) . All of this makes it vital to understand the determinants of successful self-control. Within the individual differences approach, self-control is understood as a relatively stable personal trait. It seems important to establish other individual traits that might be predictive for the trait of self-control.
Typically, scientists face the first challenge at the beginning -when defining the subject of their research. Distinguishing self-control from other important cognitive functions (such as working memory, executive control, attention, or planning) and from other areas of individual differences (such as personality, motivation, or temperament) brings many difficulties (Bridgett et al., 2013) . As a result, there have been attempts to integrate self-control with related cognitive phenomena, particularly with executive functions (e.g., Bridgett et al., 2013; Kotabe & Hoffman, 2015; Moffitt et al., 2011; Nigg, 2017) . Although integration has a lot of benefits, it also brings the risk of excessive reductionism. For example, Nigg argues that executive functions (including working memory updating) overlap with effortful control to the extent that these mechanisms could be reduced to a single one. In response to this stance, Eisenberg (2017) disagrees, giving arguments that working memory is a separate construct and cannot be treated as the equivalent of self-control.
In dictionaries, the definition of self-control is usually simple and straightforward. It is typically associated with the ability to regulate emotions, desires, and behavior (Oxford Dictionaries, 2018) . Such simplicity is yet to be attained in the area of the science of selfcontrol. We encounter numerous inconsistencies and overlaps in the available literature. The term 'selfcontrol' and related concepts, such as self-regulation, inhibitory control, impulse control, or executive functions, are differently defined depending on a given strand of research or even researcher, not defined at all, or used interchangeably. In addition, when defining the concept, emphasis can be put on different aspects of self-control. To give just a few examples, Mischel (1989) in his article on children's ability to delay gratification uses the terms 'self-control' and 'selfregulation' interchangeably. Although he focuses on behavioral control in resisting temptation, he points out that attentional mechanisms might be at the root of effective gratification delay. Tangney and her coworkers (2004) consider self-control as the capacity to adapt and to produce a good fit between oneself and the environment. The authors believe that the control ability is connected with overriding the prepotent responses and changing the behavior according to the environmental conditions. Hofmann, Baumeister, Förster, and Vohs (2012) state that the self-control dilemma appears when one's long-term goal is not compatible with current temptations or desires. Moffitt and her team (2011) propose that self-control is an umbrella construct that covers lack of impulsivity, conscientiousness, self-regulation, deferment of gratification, executive functions, and willpower. Gagne (2017) enumerates the three most common approaches to self-control in children -delay of gratification/willpower, executive functioning, and temperament -thus suggesting that temperament is a dimension of self-control. Rothbart and Derryberry (1981) propose that, from the developmental perspective, temperament consists of reactivity and self-regulation. The former amounts to increased sensitivity to both external stimulation and internal sensations from the organism, thus increasing the proneness to emotional distress. The latter refers to the processes that modulate reactivity, particularly in its emotional aspects, thus making it less harmful in situations defined by stress or frustration. The cognitive processes that constitute self-regulation in children pertain mostly to executive attention and effortful control (Rothbart & Derryberry, 1981) . Hence, effortful control and executive attention must be treated as important facets, or determinants, of self-regulation. Several other authors also point out that effortful control has a lot in common with executive attention, or executive functions (EFs) in general (Bridgett et al., 2013; Eisenberg, 2017; Nigg, 2017) .
With such a variety of definitions and their components, the core of self-control remains unclear and therefore leaves a great amount of inconsistency. Such a situation makes it very difficult to define a theoretical framework for self-control research. This study is an attempt to contribute to the wider debate on definition of self-control by examining its relationship with temperament in adult healthy volunteers. Although the link between temperament and self-control has been revealed in early childhood (Rothbart & Derryberry, 1981; Rothbart, Ellis, & Posner, 2004; Rueda, Posner, & Rothbart, 2011) , relevant research findings with adults are rather scarce (e.g., Kwapis, 2011) . We believe that revealing the relationships between temperament and self-control might help to decide whether temperamental traits should be regarded as defining components of the trait of self-control.
We define self-control as the ability to behave in relative autonomy from external pressures, automatisms, or impulses. This ability manifests itself in delay of gratification, inhibition of prepotent responses, emotion regulation, and adequate adaptation to a social milieu (Nęcka, 2015) . Such processes require effort and are distinct from behavioral automatisms. Self-controlled behavior can be reactive or proactive -in the former case individuals simply respond to environmental stimuli, while in the latter case they plan and follow long-term goals. On the basis of our former study (Nęcka et al., 2016) , we distinguish five behavioral components of self-control: 1. Goal maintenance (GM), or the ability to keep in mind one's own intentions and long-term plans; 2. Proactive control (PC), defined as the ability to create plans, prioritize goals, analyze consequences, and predict obstacles; 3. Initiative and persistence (IP), understood as the ability to set goals and take actions in order to follow one's decisions without unnecessary delays; 4. Switching and flexibility (SF), or the ability to adjust to changing circumstances and manage attention during performance of the appropriate actions; 5. Inhibition and adjournment (IA), defined as the ability to inhibit emotional reactions and refrain from immediate impulsive behavior.
Had we chosen a theory of temperament that directly incorporates self-control as a part of it, some amount of overlap would be natural. Therefore, we deliberately decided on one of the most popular modern theories of temperament that does not include self-control as one of its dimensions: the Regulative Theory of Temperament (RTT), developed by Jan Strelau (1998) . The author defines temperament as a set of relatively stable personality traits, which are expressed in formal characteristics of behavior pertaining to energy and time. The energetic aspects of behavior are divided into two basic temperamental traits: emotional reactivity and activity. Emotional reactivity is a dimension that can be divided into responsiveness and persistence. People who are highly reactive are highly responsive but not very persistent, whereas people low on reactivity are more persistent but less responsive. Activity is a trait that can be defined by frequency and intensity of undertaken actions. People can modify activity and therefore regulate the level of stimulation, meeting their individual needs. As regards the temporal characteristics of behavior, there are such attributes as speed, mobility, or regularity of responses. Ultimately, Strelau (1998) points out that the final outcome of behavior is a result of the co-operation of the motor system, cognition, and emotions, and it depends on feedback loops with physiological systems (e.g., cardiovascular and endocrine systems).
In this study, we rely on the version of RTT outlined by Strelau and Zawadzki (1995, 1997) , who distinguish six temperament traits: 1. Briskness -the tendency to react quickly, maintain a high pace of performance and easily switch from one behavior to another in order to adjust to environmental changes; 2. Perseverance -the tendency to continue or repeat given behavior when a stimulus is no longer present; 3. Sensory sensitivity -the tendency to react to stimuli of low intensity; 4. Emotional reactivity -the tendency to react strongly to emotional stimuli, which implies high sensitivity and low emotional resilience; 5. Endurance -the tendency to react adequately in situations that require long-term activity or intense behavior; 6. Activity -the tendency to seek highly stimulating behavioral opportunities.
Previous studies suggest that we should expect a correlation of some of the self-control dimensions and certain temperament factors. Strelau and Zawadzki (1997) found a positive correlation between briskness and conscientiousness, a trait that highly and positively correlates with self-control (e.g., Nęcka, 2015; Nęcka et al., 2016) . The correlation should be especially strong in the case of the switching and flexibility component of self-control. According to Ledzińska, Zajenkowski, and Stolarski (2013) , briskness facilitates better cognitive functioning, especially in the case of processes connected with switching between tasks and activities (see also : Gruszka & Owen, 2015) , inhibition, and scanning of the visual field. As to perseverance, Ledzińska's team found that this trait is associated with a suboptimal level of cognitive functioning, including performance in tasks that engage the executive functions (Ledzińska et al., 2013) . There is no clear evidence concerning the relationship of sensory sensitivity and self-control. However, Ledzińska and co-workers (2013) found this trait to be positively correlated with the ability to search the perceptual field. As to emotional reactivity, the results obtained by Kwapis (2011) suggest that this trait is negatively correlated with persistence in doing a relatively simple task but it may be helpful in the process of mobilization of energetic resources needed to deal with a more demanding task. The negative correlation of emotional reactivity with persistence has been demonstrated by Łukaszewski and Marszał-Wiśniewska (2006) as well. Muraven (2010) found that practicing self-control results in greater endurance. Activity was found to correlate negatively with performance in computerized tests of attention and memory, and positively with the cognitive control measured with questionnaires (Ledzińska et al., 2013) . Proactive control that includes deliberative planning, detached from the need to respond quickly to press-volume 7(1), 9 ing environmental needs, should be mainly unrelated to temperamental traits (Bridgett et al., 2013) .
We believe that the state of the art in both temperament and self-control research suggests that these areas of individual differences must have a common ground. Both temperament and self-control seem strictly related to energy and effort. On the one hand, temperament may be understood as an individually differentiated reservoir of energy that is needed to deal with demanding tasks, particularly in difficult environmental conditions (e.g., stress, time pressure, rapid changes of stimulation). On the other hand, self-control amounts to effortful control of one's own behavior in order to strive for important longdistance goals in spite of obstacles and temptations. Such effortful control needs energetic resources because, as it seems, self-control cannot be exerted automatically and effortlessly. Hence, the ability to control oneself must be somehow related to temperamental characteristics, although this relationship has not been extensively examined yet at the empirical level. Our study is an attempt to address this theoretical question with a psychometric approach.
On the basis of the above-presented theoretical frameworks and previous research, we can formulate a number of predictions concerning the relationships between the two constructs and their specific dimensions. For the self-control trait we expect: (a) a positive correlation with briskness, (b) a positive relationship with endurance, especially for the GM component, (c) a negative correlation with perseverance, especially in the case of switching as well as inhibition, and (d) a negative relationship with emotional reactivity. Taking into account the existing body of evidence, we do not expect any relationship of self-control with (a) activity and (b) sensory sensitivity. For the same reason, no relationship is expected between proactive control and temperament.
ParticiPants and Procedure

ParticiPants
One hundred and forty-six participants took part in the research (95 women). Their mean age was 23.84 (SD = 6.74, range 18-66 years). All participants were native Polish speakers. The examined sample consisted of students, undergraduates, and graduates as well as business professionals. The participants were not psychology students or graduates.
Materials and Procedure
Self-control. We used the NAS-50 questionnaire developed by ourselves (Nęcka et al., 2016 ) in order to measure trait self-control and its five components. This tool consists of 50 items. Its internal consistency is satisfactory (Cronbach's alpha for NAS-50 total score α = .86, for the subscales α between .73 and .87).
Temperament. The traits of temperament were assessed with the Formal Characteristics of BehaviorTemperament Inventory (FCB-TI), developed by Strelau and Zawadzki (1995, 1997) . This questionnaire also has good internal consistency indices (Cronbach's α between .72 and .88, depending on the subscale).
Participants were asked to fill in a printed set of questionnaires as well as provide standard demographic data (age, gender). All research materials were in their original language (Polish). The study was anonymous. All participants gave their informed consent to take part in the study. The results were analyzed with IBM SPSS Statistics (v24) software. results NAS-50 overall score correlated significantly with five out of six FCB-TI subscales. Also, four out of five subscales of NAS-50 correlated with various subscales of FCB-TI. These results are shown in Table 1 . As we can see, the general level of the trait of selfcontrol, expressed with NAS-50 overall scores, is predicted positively by briskness of behavior (r = .49, p < .01), sensory sensitivity (r = .23, p < .01), and endurance (r = .37, p < .01). However, the dimensions of perseverance and emotional reactivity predict the trait of self-control negatively (r = -.30, p < .01, and r = -.49, p < .01, respectively). Interestingly, the temperamental dimension of activity was found to be unrelated to self-control.
Analyzing these data in detail, we can see that the briskness subscale predicted not only the overall scores of NAS-50 but also its particular subscales. Although the strongest relationship pertains to switching and flexibility (r = .53, p < .01), briskness of behavior predicts goal maintenance (r = .35, p < .01), initiative and persistence (r = .32, p < .01), and inhibition and adjournment (r = .21, p < .05) as well. Proactive control is not related to this dimension, or to other subscales of FCB-TI. Emotional reactivity is negatively correlated at the moderate level (-.31 < r < -.40, p < .01) with all NAS-50 subscales, except proactive control. Next, endurance predicts all subscales of NAS-50 except proactive control, and it looks particularly important for switching and flexibility (r = .49, p < .01). Perseverance showed weak negative correlations with all NAS-subscales (-.17 < r < -.33, p < .05), except proactive control. Sensory sensitivity was found to be weakly but positively correlated only with goal maintenance (r = .17, p < .05) and initiative and persistence (r = .22, p < .01). Finally, although temperamental activity did not predict the general level of self-control, it was found to be important for switching and flexibility (r = .34, p < .01).
Taking into account possible mutual relationships between various temperamental dimensions, we computed partial correlation coefficients between the NAS-50 total score and six FCB-TI subscales. In this way we intended to check whether the relationships reported in Table 1 would change if the influence of possibly inter-correlated variables were controlled for. It was found that only three dimensions of temperament remained significantly correlated with self-control after controlling for all other dimensions. These were: briskness of behavior (zero order r = .49, partial correlation coefficient = .27), sensory sensitivity (zero order r = .23, partial correlation coefficient = .21), and emotional reactivity (zero order r = -.49, partial correlation coefficient = -.22). Since partial correlation coefficients express uncontaminated relationships between variables, we can provisionally conclude that self-controlling people are characterized by speedy adaptation to changing environmental conditions (briskness), high receptiveness to stimuli of low intensity (sensory sensitivity), and low susceptibility to emotional stimulation (low level of emotional reactivity). In order to obtain a more detailed picture concerning the relationships between temperament and self-control, we analyzed the data in the regression model. Six FCB-TI subscales entered the equation but only three of them were found to be significant predictors of the NAS-50 total score. These were the same variables that showed significant partial correlations with self-control. Altogether, they explained about one third of the NAS-50 overall score variance (F {6,139} = 13.08, p < .001, R 2 = .36, adjusted R 2 = .33). Table 2 shows that emotional reactivity is the strongest predictor of inefficient self-control: the increase of emotional reactivity by one standard deviation results in lessening the trait self-control by about one fourth of the standard deviation (β = -.27). Analogically, briskness of behavior was found to be the strongest predictor of efficient self-control (β = .29). The third statistically significant temperamental dimension, sensory sensitivity, was found to be a slightly weaker, albeit positive, predictor of self-control (β = .18). Note. Significant correlations are marked with * (p < .05, 2-tailed) or ** (p < .01, 2-tailed). BR -briskness of behavior; PE -perseverance; SS -sensory sensitivity; ER -emotional reactivity; EN -endurance; AC -activity. The results are generally in line with our hypotheses. As expected, there are several self-control and temperament components that are related to each other. The overall results show in general that people characterized by such temperamental traits as briskness, endurance, and low level of emotional reactivity are more effective in tasks and situations that require exertion of self-control. The variance of self-control explained by temperament is small enough to exclude the possibility that temperament and self-control are substitutable constructs but large enough to justify looking for their common ground.
In line with our predictions and previous research, we have found briskness to be positively correlated with self-control and its four components: initiative and persistence (IP), switching and flexibility (SF), inhibition and adjournment (IA), and goal maintenance (GM). As a tendency to quickly react to changes (Strelau, 1998) , briskness probably enables better adjustment to changing environmental conditions, which is an important component of the self-control definition (Tangney et al., 2004) . We have also found endurance, a trait facilitating efficient activity in situations that require intense and long-term effort (Strelau, 1998) , to be positively correlated with global score of self-control. Four self-control components showed a significant relationship with endurance: initiative and persistence (IP), switching and flexibility (SF), inhibition and adjournment (IA), and goal maintenance (GM); these results are in line with our hypotheses. The ability to act in line with long-term goals is often described as a core element in self-control definitions (e.g., Nęcka, 2015; Tangney et al., 2004) . This positive relationship confirms the hypothesis that self-control requires effort because it can exhaust mental resources (Nęcka et al., 2016; Baumeister & Tierney, 2011) .
As predicted, self-control negatively correlated with perseverance, especially in reference to the following components: switching and flexibility (SF), inhibition and adjournment (IA), initiative and persistence (IP), and goal maintenance (GM). Perseverance, defined as inability to stop a reaction once it is no longer needed (Strelau, 1998) , can be contrasted with effective inhibitory control and the ability to go beyond automatic reactions. It is also harmful in situations that require switching between tasks and actions. Therefore, negative relationships between perseverance and various aspects of self-control seem understandable. As to emotional reactivity, it is linked with a tendency to impulsively react to emotional stimuli (Strelau, 1998) ; therefore, it should not be surprising that this temperamental trait was found to be negatively related to all aspects of selfcontrol except proactive control. A high level of emotional reactivity excludes effective self-control, since the ability to regulate reactions by effortful control in response to stress and environmental stimuli is one of the vital aspects of self-regulation (Rothbart & Derryberry, 1981) .
We predicted that the temperamental trait of activity would not be related to self-control. Indeed, we found this trait to be unrelated to the general level of self-control and only weakly related to one of the self-control components, namely switching and flexibility. Activity is regarded to be one of the basic dimensions of individual differences because of its role in human regulative activity (Strelau & Zawadzki, 2012) . If the individual level of 'stimulus hunger' is high, and the environment is rather boring and predictable, activity is 'switched on' as a means to ensure inflow of stimulation. In contrast, if the individual need for stimulation is low, and the environment gets richer and richer in new or intensive stimuli, activity is 'switched off' in order to ensure a low level of excitation. This regulatory activity is at the core of the Regulative Theory of Temperament (Strelau, 1998). However, being an effective regulator of the optimal level of stimulation, activity may cause failures of self-control because of the fact that it goes in line with sensation seeking and thus increases the probability of being involved in risky situations. A high level of activity and sensation seeking may even result in various acts of social, moral, or legal transgressions. On the other hand, this trait may be helpful in situations that need effective adaptation to demanding environmental conditions, for example in stress. Altogether, activity does not support self-control, except switching and flexibility, which can be explained by the fact that the ability to easily change tasks and actions underlies the tendency to explore and seek new stimulation.
When looking at the future-oriented aspect of self-control, called proactive control (PC), it proves to be not related to temperament. Proactive control determines successful planning and prioritizing, as well as expecting potential challenges for long-term plans. An ability to plan carefully one's own actions is considered to be a fundamentally important part of effortful control (Eisenberg, Smith, & Spinrad, 2004) . Therefore, its lack of any relationships with temperamental traits seems meaningful. It looks like temperament helps to exert the reactive aspects of self-control rather than its future oriented facets. In other words, temperament seems to be a kind of 'energetic reservoir' necessary to initiate and continue actions (IP), keep in mind one's own intentions (GM), switch between tasks (SF), and exert inhibitory control (IA). However, such a 'reservoir' seems not necessary for careful planning and anticipation of possible obstacles that might jeopardize the plans (PC). We can conclude that our results justify the distinction between reactive and proactive aspects of self-control, since the former depend on temperament, whereas the latter do not.
Finally, let us discuss the fact that, contrary to our predictions, sensory sensitivity was found to be positively associated with self-control. Although it seems intuitive that paying attention to too many distractors of low intensity would make it more difficult to concentrate on the task and maintain a current goal, our results show something different. People with higher sensory sensitivity were found to be better in self-control, especially in initiative and persistence (IP) and goal maintenance (GM). A possible explanation here is that high sensitivity may actually help people in identification of possible distractors and therefore in tackling them more effectively and quickly, which in the end might help in maintaining and pursuing a goal in the long term. Further research is needed to explore the relationship between these two constructs.
Going back to the self-control definition debate, our results suggest that temperament should not be included in the realm of self-control as one of its components. Temperamental resources seem to be necessary for exertion of efficient self-control; therefore, some amount of common variance is predictable. However, the relationships we found are weak enough to justify radical decisions, such as inclusion of temperamental traits in the definition of self-control.
conclusions
There are a number of self-control and temperament components that significantly correlate with each other. Although the proportion of self-control variance explained by temperament is moderate (33%), it is clear that there are certain overlapping areas. Interestingly, only the reactive aspects of self-control depend on temperament, the proactive ones not being related. Moreover, the trait of activity, which is regarded as fundamentally important for temperament, was found to be unrelated to the general index of self-control and majority of its components, except switching and flexibility. It seems that activity may have both a positive and a negative influence on the efficacy of self-control, and therefore the correlation coefficients turned out to be mostly insignificant. In general, effective self-control is predicted by a high level of briskness and sensory sensitivity, and a low level of emotional reactivity. From the applied psychology point of view, it may be advisable to look after people whose constellation of temperamental traits -low level of briskness and sensory sensitivity but increased emotional reactivity -predicts deficient self-control. Such people may need assistance in the process of personal development toward successful self-regulation of behavior. 
